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We report the pressure (pmax ' 1.5 GPa) evolution of the crystal structure of the Weyl semimetal
Td-MoTe2 by means of neutron diffraction experiments. We find that the fundamental non-
centrosymmetric structure Td is fully suppressed and transforms into a centrosymmertic 1T
′
struc-
ture at a critical pressure of pcr ∼ 1.2 GPa. This is strong evidence for a pressure induced quantum
phase transition (QPT) between topological to a trivial electronic state. Although the topological
QPT has strong effect on magnetoresistance, it is interesting that the superconducting critical tem-
perature Tc, the superfluid density, and the SC gap all change smoothly and continuously across pcr
and no sudden effects are seen concomitantly with the suppression of the Td structure. This implies
that the Tc, and thus the SC pairing strength, is unaffected by the topological QPT. However,
the QPT requires the change in the SC gap symmetry from non-trivial s+− to a trivial s++ state,
which we discuss in this work. Our systematic characterizations of the structure and superconduct-
ing properties associated with the topological QPT provide deep insight into the pressure induced
phase diagram in this topological quantum material.
I. INTRODUCTION
Transition metal dichalcogenides (TMDs) have at-
tracted a lot of attention due to their fascinating physics
and promising functional applications [1–18]. TMDs
share the same formula, MX2, where M is a transition
metal (for example, Mo or W) and X is a chalcogenide
atom (S, Se and Te). These compounds typically crys-
tallize in a group of related structure types, including
1T
′
- and Td-type lattices [19–22] as shown in Figure 1.
The 1T
′
phase is monoclinic lattice and comprises a dis-
torted octahedral coordination of the metal ions, exhibit-
ing pseudo-hexagonal layers with zig-zag edge sharing
metal chains. The Td phase is orthorhombic and both
1T
′
and Td structures are related by a slight change in
the stacking pattern of the layers. Both 1T
′
- and Td are
semimetals. The central difference between these two
structures is that the 1T
′
structure exhibits the inver-
sion symmetric space group P21/m, while the Td phase
belongs to the non-centrosymmetric space group Pmn21.
MoTe2 exhibits a 1T
′
-Td structural phase transition,
on warming, at Tstr ∼ 280 K [17]. MoTe2, with the non-
∗Electronic address: zurab.guguchia@psi.ch
inversion symmetric orthorhombic Td phase, is a type-II
Weyl semimetal [1, 2, 4–10], where the Weyl Fermions
emerge at the boundary between electron and hole pock-
ets. High field quantum oscillation study of the mag-
netoresistance (MR) for Td-MoTe2, revealed a nontrivial
pi Berry’s phase, which is a distinguished feature of sur-
face states [23]. Non-saturating magnetoresistance [11–
14], and superconductivity [15–17] were also observed in
Td-MoTe2. Hence, Td-MoTe2 represents a rare exam-
ple of a material with both a topologically non-trivial
band structure and superconductivity [24]. The super-
conducting critical temperature of Td-MoTe2 is Tc ' 0.1
K [17] at ambient conditions. The application of hydro-
static pressure [17, 25], the substitution of Te ion by S
[26] or the creation of Te-vacancies can dramatically en-
hance Tc and lead to a dome-shaped superconductivity
in Td-MoTe2. Experimental signatures of topological su-
perconducting order parameter s+− within Td structure
were reported by recent muon-spin rotation µSR experi-
ments and Td-MoTe2 is claimed to be a candidate mate-
rial for a time reversal invariant topological (Weyl) super-
conductor (TSC) [25, 27–29]. These are special families
of materials with unique electronic states, a full pairing
gap in the bulk and gapless surface states consisting of
Majorana fermions (MFs) [27–29]. Therefore, the combi-
nation of Weyl physics and superconductivity may sup-
port Majorana or other exotic surface states in view of
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2their topological nature. These states are of fundamen-
tal interest and may eventually be utilised for Quantum
computing. For this reason, there is an ongoing effort
aimed at achieving superconductivity in such materials
and investigating their properties, either with the use of
the proximity effect or by other means.
Besides the enhancement of Tc, pressure causes the
suppression of the non-centrosymmetric orthorhombic Td
structure, as it was reported by resistivity experiments
[17]. However, resistivity is rather indirect probe for the
structural transition and relies only on a weak anomaly,
appearing around the structural phase transition Tstr. In
order to understand the role of the crystal structure for
the occurrence of superconductivity in MoTe2, it is es-
sential to directly investigate the structure as a function
of pressure using a conventional structural probe such
as neutron diffraction. Since pressure has strong effect
on superconductivity in MoTe2, by investigating struc-
tural properties under pressure we aim to find the corre-
lation between pressure induced structural and electronic
quantum phase transitions in this important TMD sys-
tem MoTe2.
II. EXPERIMENTAL DETAILS
High quality single crystals and polycrystalline sam-
ples were obtained by mixing of molybdenum foil (99.95
%) and tellurium lumps (99.999+%) in a ratio of 1:20 in
a quartz tube and sealed under vacuum. The reagents
were heated to 1000oC within 10 h. They dwelled at this
temperature for 24 h, before they were cooled to 900oC
within 30 h (polycrystalline sample) or 100 h (single crys-
tals). At 900oC the tellurium flux was spinned-off and
the samples were quenched in air. The obtained MoTe2
samples were annealed at 400oC for 12 h to remove any
residual tellurium.
High pressure neutron diffraction experiments on Td-
MoTe2 were carried out at SNAP beamline of Spallation
Neutron Source at Oak Ridge National Laboratory. SNS
operates at 60 Hz, and SNAP instrument utilizes time of
flight diffraction mode. The center wavelength was set to
2.1 A˚, corresponding to an incident wavelength spectrum
from 0.5 A˚ to 3.5 A˚. Two banks of detectors cover +/-
22.5 deg in angular range in and out of plane. Their cen-
ter was placed at 50 deg scattering angle. This configura-
tion limits the accessible Q-range, but provides increased
counting statistics in the region of interest that is most
relevant for discriminating between Td and 1T
‘ phases.
Pressures up to 1.6 GPa were generated in a single wall
piston-cylinder type of cell made of CuBe material, es-
pecially designed to perform neutron diffraction experi-
ments under pressure. Daphne oil was used as a pressure
transmitting medium. The pressure was always applied
at room temperature, followed by cooling the sample to
the base temperature (15 K) and carrying out tempera-
ture dependent measurements on warming. The pressure
was measured by tracking the Raman spectrum of lead
powder as a function of pressure. The diffraction exper-
iments were done on the samples from the same batch
as the ones, which we previously studied by µSR experi-
ments [25].
Total scattering measurements were carried out on the
XPD (28-ID-2) beamline at the National Synchrotron
Light Source II (NSLS-II), Brookhaven National Lab-
oratory. A finely ground powder of MoTe2 was pre-
pared in an inert Argon chamber, and sealed in 1.02mm
(OD) polyimide capillary. Diffraction patterns were col-
lected in a Debye-Scherrer geometry with an X-ray en-
ergy of 67.13 keV (λ = 0.1847 A˚) using a large-area
2D PerkinElmer detector (20482 pixels with 200 µm2
pixel size). The detector was mounted with a sample-
to-detector distance of 345 mm, to achieve a balance
between q-resolution and q-range. The sample was
measured at 100K and 300K using an Oxford CS-700
cryostream for temperature control, allowing ample time
for the material to thermalize. The experimental geom-
etry, 2θ range, and detector orientation were calibrated
by measuring a polycrystalline nickel standard directly
prior to data collection, with the experimental geometry
parameters refined using the PyFAI program [30].
III. RESULTS
The orthorhombic (Td) to monoclinic (1T
′
) structural
phase transition in the MoTe2 sample at ambient pres-
sure was confirmed by the X-ray total scattering mea-
surements, shown in Fig. 2. In Figure 2a-b, we index
the Bragg profile and compare the raw diffraction pat-
terns measured at 100 K and 300 K to powder diffraction
patterns calculated from the candidate models using the
program VESTA [31]. We plot the data over a d-range
where the 1T
′
and Td models have Bragg peaks that are
well resolved from one another to highlight distinguish-
able features that differ between the phases in the mea-
sured XRD pattern. The strongest structural signatures
of the transition are seen as splitting of the orthorhombic
(113) and (112) reflections in monoclinic phase, as it was
also reported for WTe2 [32, 33].
Confirming the low temperature Td structure as well as
the signature of the structural phase transition in MoTe2,
we proceed with observations made by neutron scattering
measurements under hydrostatic pressure. The most in-
tense peak is (112) at d-spacing of 2.8 A˚, which was mon-
itored at various temperatures and pressures. The results
are shown in Figure 3a-d. Figure 3a shows the temper-
ature evolution of the (112) peak at ambient pressure.
The peak splits above 285 K, consistent with the Td to
1T
′
structural phase transition and experimental obser-
vations of XRD experiment. The transition temperature
Tstr ∼ 290 K is higher than the one Tstr ∼ 250 K, orig-
inally reported from transport experiments [17]. Upon
increasing pressure, the temperature, above which the
peak splits, decreases, pointing to the suppression of Tstr
with pressure. At 1.6 GPa, no single orthorhombic (112)
3peak is observed within the resolution of our measure-
ment, and monoclinic peaks are observed at all tempera-
ture, indicating the full suppression of the orthorhombic
Td structure at this pressure. Figure 4 shows the pressure
dependence of the structural phase transition tempera-
ture Tstr, superimposed with the dependence of SC crit-
ical temperature (taken from Reference [25]), measured
on the sample from the same batch. This phase dia-
gram shows that the orthorhombic to monoclinic quan-
tum phase transition (T=0) takes place at the critical
pressure of pcr ∼ 1.2 GPa, but Tc continues to increase
smoothly and persists well beyond the pcr. The suppres-
sion of the orthorhombic phase as well as the value of
the critical pressure is in a very good agreement with
very recent single crystal neutron diffraction [34].
A. Discussion
What is the significance of such a strong negative pres-
sure effect on Td structure and the structural QPT in
Weyl semimetal MoTe2? Let us start with the fact that
Td structure breaks inversion symmetry, while 1T
′
is in-
version symmetric. As low pressure as 1.2 GPa is suffi-
cient to wipe out non-inversion symmetric Td phase. One
common point of view in MoTe2, mostly supported by
calculations, is that Weyl Fermions and their underlying
non-trivial band topology, exist only in Td phase. Hence,
the structural QPT between Td and 1T
′
corresponds to
the quantum phase transition between topologically non-
trivial and a trivial band structure. One of the conse-
quences of such a topological quantum phase transition
is the strong suppression of the magnetoresistance with
increasing pressure. For the pressure values p > pcr, MR
is fully suppressed [35]. This was explained by the fact
that MR is very sensitive to a hole-to-electron concen-
tration ratio Nh/Ne and by driving the system into 1T
′
phase, the strong deviation from the optimal ratio takes
place, leading to the suppression of MR. In fact, MR is
strongly suppressed already well below pcr, which is as-
cribed to the presence of a significant band tilting around
the Weyl nodes under pressure within the Td phase, as
shown by calculations [34]. When the Weyl nodes fully
disappear at pcr, than this leads to the full suppression
of MR [35].
Although the topological QPT has a strong effect on
MR [35], it is interesting that the superconducting crit-
ical temperature Tc as well as the SC gap ∆ (Figure 4,
only the large SC gap [25] is shown) changes smoothly
across pcr and no sudden effects are seen due to the sup-
pression of Td structure. This implies that the Tc and
thus the SC pairing strength is unaffected by the topo-
logical QPT. This can be understood in light of Hall con-
ductivity measurements, showing that a pair of electron
and hole bands are dominant in the Td structure and the
carrier densities on these bands increase smoothly with
pressure and no sudden changes are observed across pcr.
Having this in mind as well as our previous work [25],
according to which Tc scales with the superconducting
carrier density, one can understand the insensitivity of
Tc to topological QPT.
Since there is only a subtle change in the Fermi surface
(FS) topology [35] at pcr, bulk SC quantities such as Tc, ∆
and the superfluid density, are not affected by QPT. How-
ever, one more physical parameter that we should con-
sider is the symmetry of the SC order parameter. Previ-
ously, we showed that the superconductor Td-MoTe2 rep-
resents a time-reversal-invariant Weyl semimetal, which
has broken inversion symmetry below pcr. Moreover, it
is a two-gap superconductor both below and above pcr
(we have one point just above pcr) and the gaps are mo-
mentum independent on each Fermi surface. Following
the theoretical studies of time-reversal-invariant topolog-
ical superconductivity in Weyl semimetals, the nontrivial
Berry curvature at the FSs of WSMs allows the TSC to
be realized for a pairing function with no special mo-
mentum dependence. A simple formula [27–29] relates
the FS Chern number to the topological invariant ν for a
time-invariant TSC, considering a set of FSs with Chern
numbers Cj:
ν =
1
2
∑
j∈FS
Cjsgn(∆j), (1)
where ∆j is the pairing gap function on the j-th FS.
A TSC is implied by ν 6= 0. Therefore, as previously dis-
cussed [27], a necessary condition for TSC is that ∆1
and ∆2 have opposite signs. Thus, Td-MoTe2 is a nat-
ural candidate for topological s+− SC order parameter
within non-centrosymmetric Td structure since the non-
trivial Chern number is already provided by the band
structure. The s+− order parameter in Td-MoTe2 is also
supported by strong disorder dependence of Tc [13, 25].
It was shown that the violation of inversion symmetry
stabilises the state where the ferromagnetic exchange
coupling is greater than or comparable to the repulsive
density-density interactions, which than results in topo-
logical superconducting state [27]. Once the inversion
symmetry is recovered than the TSC is quenched. This
means that at pressure above pcr, where crystal structure
has inversion symmetry, the trivial s++ state (where ∆1
and ∆2 have the same sign) should be favoured over the
topological s+− state. While a direct proof for such a
pressure induced QPT between between s+− and s++
states in MoTe2 is clearly lacking, we conjecture this
based on solid experimental evidence gleaned from the
quantum phase transition between non-centrosymmetric
to a centrosymmertic structure and our previous observa-
tion of two-gap superconductivity. This paves the way for
rigorous experimental as well as theoretical explorations
of this idea. One immediately useful study would be that
of the effects of impurities on superconductivity above
pcr. This should discriminate/differentiate between topo-
logical s+− and ordinary s++ state, since according to
the theoretical proposal TSC is much more sensitive to
disorder than the ordinary s++ superconductivity.
4IV. CONCLUSIONS
In conclusion, we studied the hydrostatic pressure evo-
lution of a monoclinic 1T
′
to orthorhombic Td struc-
tural phase transition temperature Tstr using neutron
diffraction. The quantum phase transition from non-
centrosymmetric Td to a centrosymmetric 1T
′
structure
is observed under pressure with the critical pressure of pcr
∼ 1.2 GPa. No obvious impact of such a QPT on SC crit-
ical temperature, the SC gap(s) and the superfluid den-
sity is observed, suggesting that only subtle changes take
place in the Fermi surface across pcr despite the transi-
tion from a topological to a topological-trivial band struc-
ture. However, due to the recovery of inversion symmetry
above pcr, the trivial s
++ superconducting state should
be favoured over the topological s+− state. Hence, this
system may likely be the first known example of a pres-
sure induced change between topological (p < pcr) and
trivial (p > pcr) SC states.
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Figure 1: (Color online) Structural representations (side view) of the centrosymmetric 1T
′
(a) and non-centrosymmetric Td
(b) structures for MoTe2. (c) Top view of monolayer constructed from distorted octahedral coordination.
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GPa, (b) p = 0.9 GPa, (c) p = 1.1 GPa, and (d) p = 1.4 GPa.
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Figure 4: (Color online) (a) The pressure dependence of the superconducting critical temperature Tc (the red circles), the
large SC gap ∆2 (the blue triangles) and the monoclinic to orthorhombic structural phase transition temperature Tstr (the red
diamonds). The Tc and the ∆2 values are taken from Ref. 25.
